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Abstract: The interfacial bonding performance between ultra-high performance concrete (UHPC) per-
manent template and ordinary concrete (NC) is the key to their synergistic effect. The effects of diffe-
rent keyway types, concrete strength, and curing conditions on the interfacial bonding performance of
UHPC-NC were studied. The results indicate that keyway can improve the bonding strength of UHPC-
NC interface, with B-type keyway mechanical interlocking contributing the most. The strain of the cen-
tral axis of the interface of the splitting tensile specimen is greater than that of the two sides, and the in-
terface crack expands from the horizontal tensile strain to the compressive strain region. The existence of
keyways in composite specimens causes cracks to extend from one end to the other inside the concrete,
rather than developing inward from both ends. As the compressive strength of post poured concrete in-
creases, the increase rate of the interfacial splitting tensile strength decreases. Steam curing specimens
result in a larger initial shrinkage deformation and a larger stress concentration area than standard curing
specimens. The interfacial splitting tensile strength of composite specimens can be calculated from the
compressive strength of concrete cubes and the fitting parameter ¢. The optimal permanent template key-
way parameters and maintenance conditions are proposed.

Key words: permanent template; UHPC; splitting tensile test; interfacial tension; digital speckle cor-

relation method

%5 B #A . 2023-03-28

BEE£WE . BR A RREEA T LI H (5227082433) ; IR A SARIFIE 4T L35 H (ZR202103020358) 5 T3 i RHE QBT 2025 TR 4151 (20202035)
TEE ' X (1998-) , 5, 1L 7g B2 A 52 A=, WZE UHPC J5 T A5,

« BWAEE  TIGNI(1982-) , 5, INARE & A 1+, 2082, SRR EE + 254 A 7 T o



10 Wodb TR R ol (A R OB 2 R

2023 4F

o] Ak A VA B A i T | 3 i T
B S50 A, 6Tl T 7R 435 ) (%) T K P SR R A
M AR e R BESR i [R) e , B Ay A% e A 1k 25 e L
Weo | i AR T £, IR R 4 AR TR E 1 ( Ultra-
High Performance Concrete, UHPC) -5 5% IR #¢ +
(Normal Concrete, NC) ) 5% I 7 25 M 8 )& Ho1p [A)
TAERIFERE, VF 22 F 8 X k4T TR, Feng
LD VR 23k TR e I T A 3 06 I 92 v A S WL
REE S B BEE5 M RE AR R, Tayeh 245'°) 38 it 52
AT [RDRLRE B2 36 1A R T UHPC-NC I Zh 4 fig
1, RRAE ST I AN M o 28 K I B R B I 2
BN, Ganesh 557 PEAR 1 AN [F] 2 17 b 3 ( A8 A1
Bl 7R NC R 5 UHPC 7 36 J2 18] AL B4
PERE , FL AP PR R R A . Al-Osta 25 F 5%
FWIBFR I T = 2 e 33 T PP AG A W] 5
PEAF TR I FE 4598 % . Beushausen 25" i 5%
FHH | SLARTR BE 1 10 7K 3 AR R I AN S5 B i 52 i)
RRASTR L TEARMETR AP AR T AR SR 1) B 45 0
J B 5 A . Huang 950073 33 3500 A5 H 45
[ FE4 IR BE X T IHTR BE 1 1 B &5 b M RE A AR K
Me, GAZEAT SETHDRLRE B NC 3R IR SR
XF UHPC-NC & & i /4 5L i b 58 B2 A W 2 5%
Mt ASTM C496 5] FH T 3R A5 4 AR TR B £
FERBTPLER BT A8 T 5 A R TR B 9 57
EHTRISR N . Hussein 55" #F58 TR [H SL i
FRERE T UHPC-NC FUim i) BRI A BB 1E T, 15 31
Fa R B R B R w, DA B
SMFFE T NC FEJE-UHPC 7 352 2 8] 0% 5t 1 3h 45
PERE, XS Tl UHPC-J5 B¢ NC 1Y & 45 PE e 5Y
w0 DR IE B XTI — (A R, AR SCHFSY T A [
FEAH J5 58 NC 5 BE SR 45X Fit ] UHPC 7k
AR -5 e NC S mhr i fe g 2, Ifi2 H
DIC 3 Hy SN A8 3, 1 fif ik g vh A T T SR 7

PAITEA UHPC-NC L i Bh 25 1 RE .
1 REHFR

1.1 UHPC S5REtE &Lt

UHPC Bi & e ins& 1 frs , R A& (G ek
AETREE L H R ZR) (T/CECS 10107—2020) 1)
BB P - 1T 525 ERRERKYE; KiAR /N T 1 mm A
Yeib, K 13 mm, HAR 0.2 mm A B4 40 21
YT UK RN 30% IR R R SR, e,
W AUE | R K R 8 B A s i e FE AL, T FE
2 min; ZRJE AL B , T+ 2 min; FIA K 5
A, Bt 4 ming I—2PREF4E, BiPE 4 min; iITA
TP B 4 min, UHPC 7E 60 °C 255544
R4 48 h J5 1Y 28 d HLHER LN 143.7 MPa, jift
PERH N 41. 2 GPa,

REEEBCA R 2 i, RAP - 042.5
3 RERER KR s DKL AR/ N T 5 mm KA KR
H10~20 mm ZR A /NAFFEHNS5~10 mm X
FTiv= g
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Tl UHPC ) AP A5 A S 21 80 5 2 400 %]
1R, A B AV () B %5 2 0. 04, R[] BE 73
124 30 mm 120 mm, C FIREAR frY S 2 i G
6] #4351 4 0. 036 Fl 16 mm, FEREZEF p $HE A
K= (1) Fros .

nwAd

=" (1)

A n—Fh S5 TH AR 0—FE 1) FE RS, mm; a—%h

SETE A B mm, ACFR YR J5 1) ; b—Fh 45 1 19 58

& mm; Ad—HRE R mm ( R85 TR BE 1 55O 58

KRN 1/4~1/2) s ASCRHBAF D, =20 mm,
FIFLL Ad =5~10 mm , fER Ad B 10 mm,,

3 1 UHPC EL& L ff ikt
Tab. 1 Mix proportion and mechanical property of UHPC

iR/ 165/ Ky IR/ b/ Werde, okl K/ 28 dfifE SRR/
(kg m?) (kg-m™) (kg-m?) (kg-m™) (kg-m™) (kg-m™) (kg-m™) HE/MPa  GPa
680 144 200 1 060 156 30 180 143.7 41.2
F2 TEBELE SRR
Tab. 2 Mix proportion and mechanical property of normal concrete
14 7J<i)é< % ] th{ /J\E{ *ﬁi%i}?ﬁ/ I *ﬁ:‘/ K/ ) UﬁUJ(?ﬂ{/ 28 d hiks HPER R/
(kg +m™) (kg+-m™) (kg-m™) (kg-m™) (kg-m™) (kg-m™) (kg-m™) (kg-m™) 5RJE/MPa  GPa
C30 214 704 879 211 71 71 178 5.7 34.6 30. 96
C40 279 645 878 207 79 79 175 7.0 44.6 33.69
C50 325 522 922 221 50 125 170 8.0 53.3 35.76
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Fig. 1 Keyway parameters of UHPC permanent

template (unit; mm)
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Tab. 3 Numbers of splitting tensile specimen
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Fig. 2 UHPC diagram of pouring type A keyway

FRY1SEUHPC o
EFHMAEA F

SLTT AR
Pl 3 Bes NC Rt
Fig. 3 Pouring NC diagram
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Fig. 4 Diagram of splitting tensile tests
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Fig. 5 Splitting tensile failure pattern of concrete

specimens; effect of NC strength
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Fig. 6 Splitting tensile failure pattern of UHPC-NC

specimen; effects of keyway parameters
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Fig. 7 Splitting tensile failure pattern of UHPC-NC
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Fig. 8 Strain diagram of T-N5 specimen under different ultimate loads
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Fig. 9 Horizontal strain diagram of UHPC-NC splitting tensile specimen: effect of keyway parameters
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Fig. 10 Horizontal strain diagram of UN5-BZ-28 splitting tensile specimen

x4 BREETHE
Tab. 4 Calculated values of splitting tensile strength

e RO R 3% /KN BY BRI £,/ MPa bR, A
- 1 2 3 1 2 3 S {E MPa 25/ %
T-N3 61.085  65.934  67.971 3.307 3.570 3.681 3.519 0.157 4.252
T-N4 76.576  78.492  80.513  4.146 4.250 4.360 4.252 0. 087 1.998
T-N5 99.419  109.419 119.410  5.383 5.925 6. 465 5.924 0.442 6.833
UN5-A-28 80.678  82.731  87.218  4.368 4.480 4.723 4.523 0.148 3.134
UN5-B-28  100.561  108.453  113.480  5.445 5.872 6. 145 5.821 0.288 4.685
UN5-C-28 82.673  85.797  86.266  4.476 4.645 4.671 4.597 0. 086 1.849
UN3-B-28 93.188  97.075  98.103  5.046 5.256 5.312 5.205 0.115 2.158
UN4-B-28 98.441  99.529  101.507  5.330 5.389 5. 496 5.405 0. 069 1. 249
UN5-BZ-28  76.548  78.394  79.432  4.145 4.245 4.301 4.230 0. 065 1. 504
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